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Av 01inhoMO^ T > Av Bw^> v Olcenter** A v Olinhomo® l/2*9lV*fc* 
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[0 0 0 2] 
[^5fctf>*£fl5] 

^tl^CDM^ffilOX |l>^fel±^tl^©Mto-^*)-&<Z)^a |O>+0 |l>(a, £ 

, Bennioff(P. Ben i off, Phys. Rev. Lett. 48, 1581 (1982)), Feynman(R. P. 
Feynman, Found. Phys. 16, 507 (1986)), Deutsch(Proc. Roy. Soc. London Se 
r. A 400, 96(1985))e>lCJ: Jt^fc^tl, 35!£^Ay&C#22£;ftT 

[0 0 0 3] 

&t>1£<DWim<x |0>+/3 \1>ZHZ> 0 Z.(D£t>te¥v b ZM^V b H^S 0 
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roadie m*ft%mi*i£Mnnm*nmzmmir&m&ffij]tf&v. 

[0 0 0 5] 

L # U £ ti * T* JCjfry-ff JSC 5: ggff »Ttg Jfc«>3S*# v* < o 2 tiT »J , 
[0 0 0 6] 

-oCZ)#Stt, CiraciiZoller^SI&^iC^bfe, << * y V ^ V Z> 
2;^T&£(J. I. Cirac and P. Zoller, Phys. Rev. Lett. 74, 4091 (1995)) 
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VTfflmist^ NMR4^-ft^(0|i^^e>^rv\S(N. A. Gershenfeld, I. Ch 
uang, Science 275, 350 (1997))„ ZOjy&Z'l*. mWLPMD'ft^KW.Wi 

iz^-t^mmmmmm^m^^^inz^i). m^^y<Dm^mt^t>^> 
m^ybzmfti.rmw.itmfT-i'Zo ^-^y^-m^^^itm^ommiz^ 

. z.<Dfc®>. mmmmmmvmmmizmvT, ^-tzmx^yzMMis. mm 

[0 0 0 8] 
[0 0 0 9] 

£*^fc^y h(D^!^#£ne>*lTV'k£ (Y. Nakamura, Yu. A. Pashkin, and J. S. 

Tsai, Nature 398, 786 (1999) )„ Nakamura tC & 5 $t/JvftH £ 
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fc±mm^- % l < &±#^-<z>8s tc j& d * © ? ^ - 1/ > & * s £ 

[0011] 

JgiLL© «fc o tc. ^*ofi>f > * fcti***©^^© <fc 5 &#>3Smx* 

[0 0 12] 

rti^tf^fiftcfcU, fi^3fet±, S^fif^aMCDlR^* feline, 
[0 0 13] 
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[M & MR-* 2> fc to 

*^»jc«^snTv^«, &momm&itmML, l-Dommmzmmmz. m 

[0 0 15] 

'TAVV- Ayfe-^(adiabatic passage) fcPffcJft S #SSS:f!lJB *eS. h 
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[0 0 2 0] 
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T*&»K ^o^V©lo©^^2) l fc^i!&-r^2@©3 , 6$:3l^-t^>^^*W*L 
vn„ r<Z)J:e)^y ©lo©S^i:2^^i^-tS2S©^$:^-rti«. ^-h 

[0 0 2 2] 

I o>- 1 i>mm&<D tpfom&mwim z v 01center I o>- 1 i>mm®<D^i%-m &av 

Olinhomo^ A v Bw* v Olcenter** & A v olinhomo® 1 / 2 *^ I V^cffi J: >J * 

[0 0 2 3] 
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mm h omi&ft&m v * xn o x *» £ v ^ 

[0 0 24] 

2^<Dm&(D^m^r^t^n^(Dmt^^t)^<D^:miz^^xm^n. mmyt^m 

[0 0 2 5] 

b t mm-t & z. n tfx % z> . 

[0 0 2 6] 
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[0 0 2 8] 

[0 0 2 9] 

Z\£.tfXg& a 

[0 0 3 0] 

, >©l3^£&V>Y 2 Si0 5 ££||#tf>Pr +3 k}: % i&*\±y <D$mm$l&fffiit^. 

Tb^^o T V^<5 (K. Ichimura, K. Yamamoto, and N. Gemma, Phys. Rev. A 58, 

4116 (i998)) e ±m><Dmi3L&*Di*:<DW;mzm&x%z>mmte. mi^x\t^mmz 

[0 0 3 1] 

^tu^©3o©x^;^^-^p^$:x^;^^-©^gv^^5()^e > |IH^c|o>, |i\ \e>tm 
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-To ^3T% \o>-\e>m®mm&£zt\i>-\e>m<DM®&ft¥mc.m®-zjffi. io> 

fi^fcf^hfcU T2^pfe(7)VN-rtl^— ;£|0>%b<l±|l>, $ifr&Z.tlt><Dm*)i 

a io>+/s u> ( a> e&umm) a) 

[0 0 3 2] 

d © <t: e> 3&M^t>-&©^ffi &£j*"r s jc i o>- 1 e>wm&<Dm»Mmst. •» 0 

[0 0 3 3] 

v Rabi =/*E/h (h&^>*^iSC) (2) 

ytkumommz £ *j io>£ u^tfm&y^w r^(3)i?^$tis«fe^ 

[0 0 3 4] 

> PT> = ( v Rabi,0e 2 + ^Rabi,le 2 )" 1/2 - v Rabi,le' l°> 

" ( v Rabi,0e 2 + ^Rabiae 2 )" 172 - v Rabi,0e* U> 
^(3)*©v Rabij0e ^3«fct) ? v Rabijle lj: > ?£:£(4);}3J;tK5)T^t£*i£o 

[0 0 3 5] 

v Rabi,0e = ^Oe* V h (4) 
v Rabi,le = ^le'V* 1 (5) 

m% At 0e iiio>-ie>i8i38#©38^3ifii : ?- ; E-^>>, E k tema>mm<D±% 

So 

[0 0 3 6] 

5£(3)tf>|PT>te3K fcTn. I/—*/ a > • h 9 y tT (population trapping) ftffiL 



£BfE# 2000-3101068 



#2 000 — 344273 



. X-r- Mdark state) £ mttl & a 5$(3) iZyjkZ *i5 J: 3 2$K 

[0 0 3 7] 
5£(3)(Z>|PT>tt, «fc5£(6)T?*S*l*, 

H = h * v Rabi,0e- l e > <°l + h ' v Rabi,le* l e > <H + h - c - < 6 > 
Zir-e, h.c.ttx/l,* - h^g-e&5 0 

[0 0 3 8] 
[0 0 3 9] 

v^, «Ai:3i6B©a«%as-fbS'ft«s^e>H«fjcmi*uT v Rabi>0e «v Rabi le 

[0 0 4 0] 

-ffct>i3, ^raic^#-ts "h^jb" iPT>(t)&, mmiz{&&-tz^\fmffi. 

& v Rabi )Qe (t) £ J: v Rabi ^ le (t) £ VnT^ (7) M^&ftAfc «fc 

iPTXt) = ^Rabi.Oe^ 2 + v Rabi,le (t)2rl/2 ' v Rabi,le (t )-l 0> 

" ^Rabi.Oe^ 2 + v Rabi f le (t)2 >" 1/2 - v Rabi f Oe< t )'l 1 > 

(7). 

[0 04 1 ] 

02 \ZZ.<DHgomm&<Dmt*m-to 5£(7)**&#;fr&,fc3K:, &#>|PT>(t) 

= |0>ic*)ofefta3Rti, ^f:^tt|PT>(t)=|i>{c^ff-t-5o UfrfcgftaiSfci 
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[0 0 4 2] 

|0>j, |l>i, |e> i t^"To i#a©*3ffi*©|0> i -|e> i .|a, | 1>j-| OjIBI, 

^j:t;io> i -u> i ra©5i#Mjft8S[«:-e*i-r*iv 0eji , v le>i , v 01>i ats o 

[0 0 4 3] 

*»Uil?li, 2v%Jc38^M»«©M«:S*«©fta^«:M3ftb, i#9©«l 
^^I^lti^-hi^^TtSo Mill JBS#©#±S>f 

[0 0 4 4] 

03 IC, v 0e -v le ¥®lC;i3^T, >f*>*^*-T*««RS:«fe*R^U * 
©«Sc R © rtttT?*^- h »f£# Wffi K: ta Z> mm&&&&* -5 ttffl & H»T?a* 
-To ^©fSHti:, (8) 7*^3*15, j^(v A , v B )&atSifD» 

v le = v 0e + V B " V A (8) 
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i le 2 ) 1/2 /2 1/2 T% &ZL1fi&&&*\0>-\e>t%m&&&Tf\l>-\e>tgim&<Dl%- 
[0 0 4 5] 

Z. <DW&\H IZ 1 -3 <D%?)m& * *l S 1 0 <D%3» tf)*^^ IC «fc o T 1 

)\y-^(Dmm^±W(D^vmKx^xm^\fv h^sstis. tot, v 0e - 

[0 0 4 6] 
[0 0 4 7] 

ffiig.ftm -T 3 #< 1 1 -<e | Rffi8& -e&£r£&2g5£LTV>§ 0 

H = h/(27r)-g-c + |l> <e| + h/(2 it ) -g-c| e> <1| (9) 

So 

g = -(2^r)(/t -e-E c )/h (10) 

E c = ( h * v cavity/ ( 2 £ 0' V )) 1/2 ^ 
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[0 0 4 8] 
[0 0 4 9] 

r © i$<d/\ ^ h — r > tt&as (12) -e^t $ ti & o 

[0 0 5 0] 

[Rl] 

«' = S(A-^,-|0> (< (e| + ^. + (/ l /(2^))^-c + |l) /f ( e | + /u:.) (12) 
[0 0 5 1] 

zirx% \o>-\e>f%m&ts&&\i>-\e>tsm&<DjsfLmtt-'* y mcwlt, m 

o 

v Rabi,i = ^Oe* E i / h (13) 

Z13T% /t 0e M:|0>-|e>iaai^©a|#}Rfli^^-^> h % Ejtt3tei0>m»©*£ 

[0 0 5 2] 

fttJK" ^#«-r^ 0 ^oe>t>©2o©@^ffi^^;(14)^J:t>*(15)T^$n 

|PT Q > = |l> 1 |l> 2 |n=0> (14) 

l PT l> " N l ^ v Rabi ,2-«" < 0> 1 1 1> 2 1»= 0> + • v Rabi,l* g - |1> l |0> 2 |n=0> 
- ( 2 ^)- v Rabi,l- v Rabi,2*l 1> ll 1> 2l n=1> ) < 15 > 
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[0 0 5 3] 

I o> | o> -» I o> I 0> 

|0>|1> -» |0>|1> 
|1>|0> -» |1>|1> 
|1>|1> -» |1>|0> 

HffflTNOTlMts© — -D<Dj5&t Ut, PellizzariP>©#&(T. Pellizzari, S. A. 
Gardiner, J. I. Cirac, and P. Zoller, Phys. Rev. Lett. 75, 3788 (1995)) 

■kmm-f&z. £#-e££ 0 zicw&ai. -y h^y:/tfucM^£i!i— r^->© 

>&»«0UTt*f^U 4^tfW^5:^T-r<5o JSAT, 3L©#&£*gjg IT if © J: 
[0 0 5 4] 

Pellizzarif>©^T(i> |0>, | l>fc<k tf|e>£ UTif!§*gb£lp&S:fflV>£o 
JB<T©SM§K:i3V%T%, |0>l±|0>h|0'X |l>tt|l>£ U'>. |e>tt|e>h|e'>*^ 

[0 0 5 5] 

A^-f 'rtv^-vom&tmm^ 9 v Rabi,i <<v Rabi, 

v Rabi,2 <<v Rabi,l^^ S * Sii: * : ^*- S " ^(15)7?^^ 
"sJ<tfaU-S/a>-h9y tr>^*l!8" tt, rfo£(16)£ J:tHl7)© J; ? &c 
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|PT 1 > = |0> 1 |l> 2 |n=0> -» |l> 1 |0> 2 |n=0> (16) 
|0'> 1 |l'> 2 |n=0> -» |l'> 1 |0*> 2 |n=0> (17) 

v Rabi ,k« v Rabi , 1» * v Rabi , 1« v Rabi , k ^*#**fcS****K: 
M-e^Sc "Tfcfc)*), k#Bi:l#S(i!)«l*fflWlf, #C5$ (18)^^:^(19) X*m2 

ft 2> A ti# A.^#^nTlg JC & -5 o 

|PT 1 > = |0> k |l>! jn=0> |l> k |0>!|n=0> (18) 

lO'^ll^jIn^ -* |r> k |0'>j|n=0> (19) 

&£8Uirr. "t&frl^ «T^JCO"i:' , r?:^*^ffi|0(new)> k% |l(ne B )> k 
, |0(new)>., |l(new)> 1 S:^tl-€ ? tl7^(20)~(23)T^^t-^o 



|0(new)> k = |0> k (20) 

|l(new)> k = |l> k (21) 

|0(new)>j = |1>j (22) 

|l(new)> 1 = |r>, (23) 



v Qek , v 0efl ©l/-1f-S:«#U v Rabifk «v Rabifl *»&v Ka 
bijl <<v Rabik ^# |0(ne»)> k |0(new)> 1> 1 0 (new) > k 1 1 (new) 

> p |l(new)> k |0(new)> 1 , 1 1 (new)> k | 1 (new)> 1 ©4o©*^^ti, #C:£(24)~( 

(24) 
(25) 
(26) 
(27) 

8)feJ:t>*(29)©J:e)lC, 1#B<Z>%3!^© |1>, £ U' >! H &A*l#;i£o 
|1>! - II' >! (28) 



|0(new)> k |0(new)> 1 = 
|0(new)> k |l(new)> 1 = 
|l(new)> k |0(new)> 1 = 
|l(new)> k |l(new)> 1 = 



|0> k |l>! - |l> k |0>! 

1 0> k 1 1' > x - 1 l> k 1 0' >j 

|l> k U>l - U> k U>i 

| l> k 1 1* >! - U> k U' >! 
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*«JC, 2m©3 1 &0§£^S:M^bT. **Jfci£K:, ^ R abi,l <<v Rabi,k*^ V R 
[0 0 5 6] 

r*l&CD— 3ft©iR^tt, #C^(24*)~(27')©J:5K:*i:«>&*lSo 
|0(new)> k |0(new)> 1 = |0> k |l>! -> U> k l0> 1 - ll> k l°>l 

- |0> k |l>! = |0(new)> k |0(new)>j (24') 
|0(new)> k |l(new)> 1 = 1 0> k 1 1* >j - U> k |0' >j ~> | l> k 1 0* >j 

- 1 0> k 1 1* > t = |0(new)> k |l(new)> 1 (25') 
|l(new)> k |0(ne W )> 1 = |l> k |l> 1 -> |l> k |l> 1 - U^U'^ 

-» |l> k |l'>l = |l(ne W )> k |l(new)> 1 (26') 
|l(new)> k |l(new)> 1 = U^U'^ - U> k U'>i - U> k U>i 

-» | l> k 1 1> ! = |l(new)> k |0(new)> 1 (27') 

[0 0 5 7] 
[0 0 5 8] 

<. U-*?-m-BkZmjR~?&Z.£K£VA^v htrMTf. li^bfy h£J:tf2 
[0 0 5 9] 

s. 

v cavity Sr^ai©*^^- K<Z>M«£-tS^ 
v Oe, i ~ v cavity 
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[0 0 6 0] 

fit, 5£(7)-&i(SfcU hfcLTffJM^S&ffl&tf^'&kSg©*?- 

q^&ofc*^^ a k ' |o> q k +/s k ' | l> qk &cM:£i±T V^„ 

[0 0 6 1] 

U*>U _bSS<D#&T*&, k#@©iflf^ hO^Cl*^-^ h^-b»^ one 
-qubit gate operation o £. ItMlfbfe)!^, flfi©*^l^y hQjtC=fe; 

£&iH-rs£v^r |Bf^lc-fts©*^if y h<D\o>-\e>mMmz : bg i m'tz> 
Sf§£\ dCDJI^lfy h*>fla»3^cz>j^»€:SW> |l> qj jldfttS «riBtt#&<& 

o 

[0 0 6 2] 

<t xfmvmmm vA^j;t?v b&. i o>- i e>mm®<Dm®m$i®; v 0e , q ,k fe * # 
u>-|e>isi»©38^j9»«v lefqfk K:tt^i&-&-r, i*ie>©»M«»fctt-e 
©^©^-ips a v homo # JtiBtiT & *; , i o>— i i>ras&<z>3&ft&& v 01 >q k 

[0 0 6 3] 

V A= v 0e,q,k ~ A v homo* vA ^ v Oe,q,k + A v homo 
V B= v le,q,k " A v homo^ V B= v le,q,k + A v homo 
V A " V B = v 01,q,k 
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7f>T7A'r>f • Ay 1r— ^#^fbT~&S 3£#^fbtlTV^£ (N. V. Vitan 
ov and S. Stenholm, Optics. Comm., 135, 394(1997)) 0 
[0 0 6 4] 

[0 0 6 5] 
[0 0 6 6] 

/N 0 ;i/xy6(Z)^i:A°;i/^©^ra(rStcJ:*;, «T0 <fc o lc^$tv<g>(N. V. v 
itanov and S. Stenholm, Optics. Comm., 135, 394(1997))„ 
[0 0 6 7] 

Av max = C l X AT X v 0 2 C 2 « 
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[0 0 6 8] 
[»2] 

[0 0 6 9] 

[0 0 7 0] 
[«3] 

/(± oo) = 0 (31) 
f fix) - 1 (32) 

[0 0 7 1] 

fit, v Q tt v Ac ^3 J: v Bc £Jg^TJe<T © <fc ? IC^3 *YS, 

[0 0 7 2] 
[»4] 




(33) 



[0 0 7 3] 
[0 0 7 4] 



(29) 
(30) 
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[0 0 7 5] 

[0 0 7 6] 

[0 0 7 7] 
[«5] 

S,» = C 2? ^SJM (34) 

[0 0 7 8] 

[0 0 7 9] 
[0 0 8 0] 

[me] 

Q x v 0 2 x g , (v c + A v)x A7* * C, x v 0 2 x -^L (35) 

A v 
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[0 0 8 1] 
A v = C 5 X AT X v Q 2 (36) 

Ifc^ot, 2^^JHlC^^l^^#©0S?:^<f JCtt, 7£:£(35')IC 
^•T<i;^lC, ^(35)©*3a^l«J: »J^IC/Jn$ ^0^(37)$:^^^ A v. 
AT£ <fctf v 0 Sr|g^-rtltf J: V>„ 
[0 0 8 2] 
[«7] 

C 4 xv/ 0 x-^- T «l (35') 
Av* 

-%x 1- T «1 (37) 

[0 0 8 3] 

f^fc*>, v ^i(37)$:Pfet-ATfei;^v 0 S:^ 

•**ltfJ:V\, AT£/h2< LT*. v 0 £lg < t§ r H }C<k »J t^M-T 

[0 0 8 4] 
[0 0 8 5] 

^ictt. ff~ hifr^&f? ot^Sl^tf^ hJ^tf)*^*/ 

2 4 ffi|E#2 0 0 0-3 1 0 1 0 6 8 
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[0 0 8 6] 
[0 0 8 7] 

•To iitit \0>-\e>mM3i)^m^- b t.^LX\^t't^ 0 fit, k 
#gfeJ:^l#g©*T-try h©U>-|e>^^miSCv le q>k ^a:^v le)q>1 {C 

[0 0 8 8] 
[0 0 8 9] 
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[0 0 9 0] 

^7K\^tc.m.m(Dmm&<n\o>-\e>mw&\z^&^-*2>„ ifod'ot. mm&v b u 

«|0>{C^W ^B'ftC&£$?am©^&i|l>lC^e>o ±^UfeJ:e)lC, 2S 

iz&i&'t&ytZimM-tz. l**u M^cB|^^c$>§%a^©^M»|o>^c^KoTv^ 

[0 0 9 1 ] 

&fit>m^ mnmzM3\?zft<Dmmmmmiz&m-?2>&mtf$>z>. z.&^t. 

[0 0 9 2] 

«*ft^^5lt6MtliC©iHv B (i)^f)V B (f)^ |0>-|l>Hga>3f£ 
M$$fc£®;*.<5^ Hi 0(DM^cic#^-r^^sm*\ ft 10 1 lXD^Mlz^it b 

[0 0 9 3] 

v B (i) " v B (f) *' J ^ T<D ^ S: ^ febTV ' tl ^ J:V,ko 
[0 0 9 4] 
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Cft8] 

MO »w - (38) 

[0 0 9 5] 

v 01center tt|o>-|i>|«3W©*A»AM«», Av 01inhomo »x 

v 0e f|^tnJ©*S)T^5 o 
[0 0 9 6] 

y bH LT3pJfflU3Q:v^^*«3ttS:iRiRi** * fctt*<. h©^- Mfr 

[0 0 9 7] 

1 ) 

-Met y#jais*i*. ^^>f^*y Mofticti^sans^Bafisti, 

«15feJ:tJt#flatlBBPiD«O«iR16K:«!jKStiTv^« 0 7;nf>-f ^> U-if-JSi 
jg© U > If&m U — ^-20^ e> ©ft&, ft^SBMlc J: »; tta©3t^«U»JC^ttS 
*i£„ ^n^ti©>fe^l^fc^WS^^m^2ii:m^#^^-?-22i:A^ 
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- if - %<D^M^t & til m -t & #> © 3fetfc ffl# 14#M $ *l T V * & „ 
[0 0 9 8] 

&MtCJ£BT, «fc y^«PPj&nM©«^16fe J:^|gg!f^ffl5$:tl#b 

[0 0 9 9] 

Jpf £ LTPr 3+ W * > & 0 . 05lfrifc 3 iir £2mm X 2mm X 2mm© YgS iOg^JI (YgS iOgtf) Y 3+ 
©e>*>0.05%£Pr 3 ^C«$|L£4j(Z>)£ffiS-r£o d©fth*tt, &f||if ©Pr 3+ Kfc 

^ 3 H 4 (l)lC«-r^i£^l/fcT2^|a>^ < fct> , |b>$:^-rS 0 9 =7 4 

fc, l/-if-^A$r^#^*^lC®-rr illCj; »JM^mv B =v A -17.3MHz(7)l/- 
if-ftB£|§££1±& <fc O IC b£ 0 
[0 10 0] 

*"T, l/-if-3fcA«:50mW/c« 2 , l^-if-^B£5W/cm 2 (2^T*fiWC0.1#^ 
-hJBtfU ^©itt^lCl/-if-^A$:#.^5mW/cm 2 «)^T'lMsmiifbT, ^ 
»SS:W3febfc. #CtC, St^l/-if-^A$:50mW/cm 2 , I/— !f-ftB&5W/cm 2 CZ>3& 
£T?«f4£0.1f£JGU:flBltU ^©tt^lC^tt^-^-^B^^fi^SmW/cm 2 ® 

20g©fflj£te©JfcfcM&3:l , r&ofcc itltt, U-if->tAfe cfct^l^-if-^BlC 

Hi#C&i» , r«1B«©>f:*->©-- ffls#. 3 H-(i)(DT2^|a>i:|b>^^^S«fe 
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£ «fc T$ Is - If - ftBIC <fc £ 9 tf JSMifc v Rab j > A fc <fc v Rab j >B £ M V a T TIB© «fc 
[0101] 

(v Rabi,A 2 + v Rabi,B 2) ~ 1/2 * V Rabi,B* |a> " 
(v Rabi,A 2 + v Rabi,B 2 )" 1/2 * v Rabi,A* |b> 

[0 10 2] 

WWII £ b TPr 3+ -f it y & 0. $ -frfc2mmX 2mmX 2mm©Y 2 Si0 5 ^^ £ MS 

Lfco Si 1 \zm-tiio\z^ ^(DtmiiZiV^^yt** y Mocfr©#fi#i3i*K: 

<D?T 3+ <Dmi&<D i/=L$n,? m&\ (1) t m^mm^nx* & s *d 2 cd © ^ow® ic 

605. 98nm (16502. 3cm" 1 ) j£5aKl#*>*fe. £ <D I/— if -^feSWlllCffi 
o Jfcf^fciMc, ^MSTK^-rjc, ±ffii:raD!ft*©l/-if-*S:«»iiK:flg 
. ^©M^, El 2{CatfJ:e)lc. h^/(fJtc*&lOOkHz©MlftaiB«K:*>fe 

mwznfr 0 ma, ^shb^- F^Miti/— if-^jcj:*;, wmzm^tz-i 

[0 10 3] 

i: LTtl^®N0Ti&^$:||^f■r-£>*^^CoV^Tffc^-r<5c 013l:$lbT, Jg*T 

?:|a> k fe j:nf|b> k> _t*g&£ |e> k fcng^„ |b> k £ |a> k fc©J3$ft»©^B:17.3MHz 
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Lfctt«l«:-£*l-eri|a+> k , |a-> k> |b+> k> |b-> k i:^ 0 | a+> k £ | a-> k £: 
!&©^&£5MHzT&3o ^Z&-r£J:e>&C, |a+> k =|0> k , |a-> k =|l> k £1-<5„ Humid 
, l#B©*^-tf y hQ 1 ©jSttitt«l3i©T2flHaS:|a> 1 fej:tJP|b> 1 , _h^$:|e> 1 

lOjttle^J: U t>100kHzj^:c*;i/=F-#i^ o k# g ©Jl^- tf y h £: 
H^tllfC, T2Jpffi©l8xiS:j»V^T^IIIbfc^»S:**l^*l|a+> 1 =|0> I , |a->,= |l> 
1% |b+>j, Ib-^fcPg^. |b> k -|e> k ra»fe«tOf|b> 1 -|e> 1 Iffl»tt*a 

[0 10 4] 

5. M^UC$:^IS:l6502.3cm~ 1 #3a(Dv k lC©^bfel/-if-^ki:, **lJ:yM 
$ftjR#17.3MHz;£tti£v% l^-if-ftk' ( v k * = v k -17.3MHz) W U— if-3fck* 
0>&£g(5W/cm 2 )# l/-if-^k(D^(50inW/cm 2 )<D100^lC^-5 J: 5 tlgjg 

&<Dif®jg£^VAT5MHz£tt£^£i*\ S v k (l) = v k -2.5MHzi: v k (2)=v k +2. 
5MHzG>2o<Z)I/— if-^fe, LTS^lcM£H-& Zl £ JC<fc U , ttJB&l 

a+> k ^\#-r o 3.CD^JB&|0> k ^li?^ Q |a-> k $:|l> k i:^c ^0=&> 

[0 10 5] 

5„ v k i:ylOOkHzeW■iS^^M^ft»v 1 =v k +100kH^<Z)l/--'9 , -3^1i:. vf (v^ 
v r 17.3MHz)(Z)^-if-^l' fcgWtcMtJbT. «flB&|a> 1 ^J»S:^'r o 

$ e>lC v j(l)= v r 2.5MHzt v j(2)=v j+2.5MHz(D2o <Z> 1/ -if 
«SLT«»JCfl8»'tSii:»Cj:y, ^JK&laOj^-r. r ©ttJBfc |0>j £ ^* 

[0 10 6] 
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(i-immizmmmzwiNLtetft>. mi 4izm-?3m.(Dytz. ^^libt 

<te>lC. 2«©3fc£LT, v k (3)fc v k (4)©jffi, vi(3)i:v 1 (4)©«, £<fctfvj 
(5)i: v j(6)(D^$:mv>T. -e*l-e*l©t*^&ff ? . d*l&<Z>iftfm* |a+> k =|0> 
k 3^e>|b-> k ^JSRS:^L, |a-> 1 =|l> 1 ^P J |b+> 1 y\^ffi§r#L. |a+> 1 =|0> 1 ^f> | 
^j^H&ittifiDt**. Ttefr-fc, «*?fcTy Hc£v*T, ^iB*^- K 

-> k ^JK## »; . * h q j -e « i a+> j = i o> ! # e> I b-> l im z> I «-> 

[0 10 7] 

(i-2)@l 3{C^t-l^-if-^kfe<fct>*l/--1f-^l$:l*M^TOicmMLTr 

6 iz^-t^oiz. OTlcij^ljicgg^U ^jl/ i s-ei 1 «I k fc^<5 <fce>lcM;£-£ 
T> I/— If-^lfclz-if-^kSWW-tCMif-rS. |a> k |b>j-» 

[0 10 8] 

(ismmmtmmmm^mu-rshih^iz. mi 5tc^i-v 1 (7)^j:t>*v 1 (8 

\Zv hQjKlfcHT |a->ji: |a + >j ^CDWe^ffi^ Atl#X.So 
[0109] 

(i-4)Htf Iz-lf-ftlt b-if-^k^mv^ (i-2)^ti^tC. ^JS)§ tC 1 1 «I fe lC 
fi^fcfy V\h<Dm&*Xfrm%.Z> 0 ZOmmzZV. Ib^la^-la^lb^^ 
[0 110] 

(i-5)«WK:#?K#S:^)6nbft^e), 01 4lc^Lfc3Mtf>ft£> SkK&WSEL 
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|b+>j^6> |a-> 1 =|l> 1 /s^$:^-t%<Z>"efeSo ^&fc>%. (i-l)<Z)il#fc fcj«C 
, «*y-fcf* ^JBS^- Ktc^i»-rsflifi^e>.^jfi|g ; E-KK:** 

U«iV^ffi^JBS:^i-afc^S:ff^. -hlB(i-4)CD»^ h Q k T? I b-> k 

|b+> 1 *^e>|a-> 1 =|l> 1 ^(Z)^©#l^^^i^^^V^ 0 
[0 111] 

[0 112] 

(ii)*;W««i«:|0> k |l> 1 JC|8SL/T«!l»N0T»f^S:fT^«-&S:ilW-r«o 
M&IStv k ©L/-1f-3tek£M^tfcv k , <Dl/-- F-^k' aftK&WSELTtt** 
CiWU A^tfy hQ k (Z)^ffiS:|a> k /\^-r o ttf*fc#l8*&SJflnu SfttlPffll 
3t*fi©«.HIfiG>*6iB&jWv%T5MHz^W^SIS"e:. v k (l) a v k (2)tf>2o© 

+> k =io> k ^i- D atatDWius^jfc-rs. torvjoi/— y-^itM 

v hQ 1 ©«*S:|a> 1 '\^i- 0 fcEPillU 3Bt»»«5t*tt<Z)#i|Sft© 

#-r. «*©ffiins#iht- So r^it, *a#tt«|o> k ii> 1 &i|Sfi&-rs 

o 

[0 113] 

K:©»#JB#|0> k |l> 1 T?&*»^, A^fcTy hQ k t?li|a+> k =|o> k ^e>|b-> k ^ 
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l&ifi&V. *-?kf V hQ 1 7?tt|a-> 1 =U>i*^|b+> 1 ^ffi* ? ^S^ |a+> 1 =|0> 1 
[0 114] 

(ii-2) U—*f-mt I/— *f-3fcl«:, Ell 6 CfrT <fc 3 lC&^£^ff;$1±&# 
[0 115] 

(ii^lUKailfii&lKaSrBIiD-rSilfc^tC, 01 5tCaVrv 1 (7);i3«fctfv 1 ( 

WT:|K»&A*i#*S»ft2&fx^. 
[0 116] 

(ii-4)?ftfp — tf-^lil l/-1f-#k£Mv^ (ii-2)£«$BC, MlCl 1 «I k 

ClgjtU ^lytts-ei^i^^-Sct^tc^^iiT^lcmMb, A^ifyhQ l 
[0 117] 

(ii-5)^lC^aSr^*nb^^?>. El 4 C^L^flCD^*, 
b*t|$iPKCjlIg#CMSt 1/ T 3® CD Tir-f TAy^-f y V -sty ft 3 = _tS3(ii-4 

) <Z>^§-£, *^ Ify h Q k T? B: I b-> k ^ e> I a+> k = 1 0> k «MKH## »; , tfy hQj 7? 

[0 118] 
[0 119] 

(iii)««B^*&|l> k |0> 1 lct83feLTM»NOTS&f^S:ff'2>»^S:Sire'rs. 



3 3 
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-> k =|l> k ^St- 0 ^©^L «»©eiJfln«:(?iL-r<&» Mift»v 

v bQ 1 CD^^|a> 1 /s#-r o tt#Ki#l8#&epil!U fittito*3£ifS#©:gJ!!te® 

M^&^T5MHz;£tt;9*^;*-ti\ £ £IC v j(l)i:v 1 (2)©2o© I/— If-^&S:, 

o 

[0 12 0] 

*J«=R»««|l> k |0> 1 Tf»St&-&, Jfrf^y bQ k T*»|a+> k =|0> k ^P>|b-> k y\©^ 
MKO^tterfe-r, *^-KTv hQ 1 Ttt|a+> 1 =|0> 1 ^&|b-> 1 ^J»^6)bX, | 
a-> 1= | l>j^ £ llH-^CDttJU^ttteje^ 
[0121] 

(iii-2) I/— I/— if-3fel&, 01 6 3 K3kK&aHfc3iirfc 

[0 12 2] 

( i i i-3) engs i: mmmm & twt- & £ £ % m 1 5 tc^-r v j (7) & & 1$ v j 

[0123] 

(iii-4)|Stf I/— if-ftlfc 1/— !f-^k&Mv\ (iii-2) i:tt5£tC, MltCl^ 
Q^i^-fcfy hQ k i:©^$:Ati#x.> I b> k 1 a> l~^ 1 a> k 1 b> l ^ <^3frft 

o 



3 4 
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[0124] 

(iii-5)tt»tc#?KtSS:BliIIbJ&*<e>/ HI 4 K:a*Lfc3Jfi©3fe«:, 3ftft&W«[ 
LTm,MfcmftmMLT3M<DT7 : J y *-A°y-fe-y<M?e>o _h§E(iii- 

©*KJ»©#S&ttje£&v*. 
[0 12 5] 

(iii-6)|*»K:#«»€:HIJnb'r«liB«:5MHz^»»^, v r 2.5MHz©3fe SIM 
[0 12 6] 

3ii!fifi©#fl6fi©IBii&jWv>T5MHz7eW'^SS-e, v k (l) £ v k (2)©2o© l/- 
-> k =|l> k ^\#-r o ^©^, l8»©ep»«:#jL'*-5. aa6«v j©^— if-3fclfcM 
y hQl©«JB&|a> 1 ^#-r- tt»lC#«»S:PPinL/, 0^Mli^m&©#P&© 
gilSili L T&mizmM? -SdillC «fc y, *^fcfy hQi©<KJ»«:|a-> 1 =|l> 1 'v. 

o 

[0 12 7] 

(iv-D^lC^a^SmiHb^*^, ttSJCHl 4 tCat"i"3Jffl©^S:. a&&& 
JC*JJB«ffi35>«|l> k |l> 1 T**&«-&. i^^^y hQ k T-te|a+> k =|0> k friMb-> k ^© 
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, \*+> 1 =\o> l frb\b-> l '\(DW,M<D&MteM%te)<^ 

[0 12 8] 

(iv-2) I/— tP-ftk^ 01 6 J: 3K:9&ft&3£ffe3i£j&:# 

tfy hQ^cOTT^ffifcAtl^A, la^lb^lb^la^v^^BcD^ftfc®;! 
"T. 

[0 12 9] 

(iv-3)gM8»fc^«»&ltt&n^Si:fc%>lC, 01 5 lo^f v ^7)^ J:tf v ,( 
[0 13 0] 

(iv-4mtfi/— if-ftifc if-3fck&jav^ (iv-2)£tti£{c. ^j«9ici 1 «i k 
ili^lfy bQ k £<zm«l£A*l#X.. |b> k |a> 1 -^|a> k |b> 1 i:V>e»^ffi(Z)^fc%:jg 
[0131] 

)<Dm&. *^tf v hQ k -ei±ib-> k ^^ia+> k =io> k ^<D^M©^i*»®3e>-r. * 

[0 13 2] 

(iv-6)tt»lcanK«&EPftIbT»5i&51fflze^jK^. v r 2.5MHz©3fe &JBI# L 
[0 13 3] 
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vzmifi l i> k 1 1> i -e tt*Ftt*# I i> k l o> j h & y , ffl»N0TSM£ & ngs-r 

[0134] 

S£ £ ^1 f? -r -5 r h t? ^ * „ 

[0 13 5] 

Pr 3+ &^m 2 Si0 5 Mill£2mmX22imX0.5mm©^V^:|£jC;&nXU ^©MffiiC^ 
>f& v A (605.98nm3£ia) Lfc^i^lS&Milf^£|l3i-t £ «fc 3 JC^S 

[0 13 6] 

t&M h h X Pr 3 + >f 7h > £ 0 . 0256#fC $ it tz. 2mm X 2mm X 2mm© Y 2 S i Qffi^ & ffl L 
[0 13 7] 
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(v 0e,q,l - 


V 0e,q,3 ' 


V le,q,l " 


V le,q,3 




tv 0e,q,2 " 


V 0e,q,3 ' 


V le,q,2 = 


V le,q,3 


+ ZOkHzj 


(v 0e,q,3 ' 


V le,q,3> 








(v 0e,q,4 = 


v 0e,q,3 ' 


V le,q,4 = 


V le,q,3 


- 20kHz) 


(v 0e,q,5 = 


V 0e,q,3 ' 


V le,q,5 = 


V le,q,3 


- 40kHz) 0 



[0 13 8] 



? m$L Z K A ( 1) £ ^BM^M T? & £ X D 2 ( 1 ) (D m <Z> IZ & A S 605 . 98nm ( 1 65 
02.3cm -1 )jfiaa(Dv 0e>q} 3{C^t5ltfc o rtf>M*&$[ v 0e ,q,3 tt ' ^tBS^-Kil 

,q,3 = v 0e,q,3" 17 - 3MHzcD ^-i^-*BS:^S*S J: o \Z Vt=. a 
[0 13 9] 

m& <D ^m.<0± % 2 17 . 3MHzfr £ „ •£ © IS ©>P J©— 0g7OkHz © § [ V ^ fz. 
M (17.3MHz-70kHz/2) J; U < & "j^V 1 * <£ 5 &C|g5££ tlT ^-5 0 l/-if-3feB& 
, M*£ffc£ v le>qj3 -lMHzy^ v le>q>3 +lMHz*T^5l £i»CjMLT tcf 

[0 14 0] 

mz, io>-ie>^#^ e fct^ii>-|e>ra^ovN-rtitc : foi^^iii-&i s > io>-i 

l>^^^C23 1 fc^l!i•tS2a^D^$:fflV^TJ^T©<fce)^i^5:tfofeo M 1 7 IC 
^=E- K©»^l:^t 0 £©HT?fcl:, Jt*^JiiCJ:fa©l#S^e)5#S^T-(Z)4 
[0141] 

£1\ ^-if-3feA£Mifc«v 0e>q>1 +100kHz, 3£^50mW/cm 2 , ^-^f-^BS: 
M^v lejq>1 +100kHz, 3&g5W/cm 2 &Cl8:j£U «**£0. l#J^_hMtt l/T, 1# 
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kHz, ^5W/cm 2 % \y-^-%^MWM. v le>q) 3+100kHz % ^50mW/cm 2 lc|g^ 
[0 14 2] 

^•tf>^> l/-f-3fcB&«a[»v le>qtl K:»j|bTtt»K:!l8»U 
»^»fl[l±. v leiqfl 0JtSI»lfc«^©«)tai<O€Tfftofc. 30) - £ 

h^*&9o%<os(Bflts*s-r«j»|o>K:fey, 3#B©*^t? 

[0143] 

, ^6?^^c^^r|g^3g#^cl) , &^I^iL,^v^2S<z)^$:fflv^T, 2^t^miz^ 

[0144] 

(HM5) 

H5£#I4 £EPB6lC, bTPr 3 V:fr>£0.02%#ffc3i*£2mmX2mmX2miii<D 
[0 14 5] 

*/ a * ;v ? ^ 3 H 4 (l) jg^MT* & « X D 2 (1) © ffi(DM& K.&mi" 

S 605. 98nm( 16502. 3cm -1 )ia3a(Z) v Qe 3 JCMIStSS[&-&*5*fc. * fc, 
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^-^^m^m^izm-r^inz^ yjatsftv ie, q , 3 =, » ; oe,q,3 _17 - 3MHz(DU 

— if - ft B £ $ S £ -9 fC b tc o 
[0 14 6] 

fcHfctc, 3fe«WcBu #J85>fttf>£«)lc, M?«£Sf3lb&#e>^ — if 

J:t?|l>&*^Pr^>f *>©a«j|l|l|fl|3t^Sil7.31fflz^e,, ^(Z)2lp£m©^- 
ipg70kHzOD^^ £ 51 V\ fe-fit (17.3MHz-70kHz/2) J:*;;*:^<&£&VnJ:-5 Cgg^S *l 
TV^„ i/--if-3feB£, ^©M^^Vjg q g-lMHz^P, v^^^+lMHz^^M 

[0 14 7] 

2 ic £ w s i# g y h icjfe b © n mm&mft &#igj£#[©3# s 

[0 14 8] 
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